We present the results from a study of the spatial distributions of cooling gas and intrinsic X-ray absorbing material in a sample of nearby, X-ray bright cooling flow clusters observed with the Position Sensitive Proportional Counter (PSPC) on ROSAT. Our method of analysis employs X-ray colour profiles, formed from ratios of the surface brightness profiles of the clusters in selected energy bands, and an adapted version of the deprojection code of Fabian et al. (1981) . We show that all of the cooling flow clusters in our sample exhibit significant central concentrations of cooling gas. At larger radii the clusters appear approximately isothermal. In detail, the spatial distributions and emissivity of the cooling material are shown to be in excellent agreement with the predictions from the deprojection code, and can be used to constrain the ages of the cooling flows. The X-ray colour profiles also indicate substantial levels of intrinsic X-ray absorption in the clusters. The intrinsic absorption increases with decreasing radius, and is confined to the regions occupied by the cooling flows. We explore a range of likely spatial distributions for the absorbing gas and discuss the complexities involved in the measurement of column densities from X-ray data. We show that the application of simple spectral models, in which the intrinsic absorber is treated as a uniform foreground screen, will naturally lead to significant underestimates of the true amounts of absorption. Comparison of our results with previously reported observations made with Einstein Observatory Solid State Spectrometer (White et al. 1991) shows reasonable agreement, but requires that the absorbing material only partially covers the X-ray emitting regions. The masses of absorbing gas in the central (30 arcsec radius) regions of the clusters, calculated under the assumption of solar metallicity in the absorbing material, can be accumulated by the cooling flows on timescales of a few 10 8 years, which are much less than the ages of the flows. This implies that most of the material deposited by the cooling flows in these regions cannot remain in X-ray absorbing gas. The results presented in this paper provide strong support for the standard model of inhomogeneous cooling flows in clusters of galaxies.
INTRODUCTION
Clusters of galaxies are luminous X-ray sources. The bulk of the X-ray emission arises from bremsstrahlung and line radiation processes in the IntraCluster Medium (ICM). In the most luminous systems, the (2 − 10 keV) luminosity exceeds 10 45 erg s −1 and the emission extends to radii > 2 Mpc. The total mass of the ICM exceeds that of the galaxies by factors of 1 − 5. In the outer regions of clusters (r ∼ > 1 Mpc) the ICM is highly diffuse (ne ∼ < 10 −4 cm −3 ) and the cooling time far exceeds the Hubble time (t cool ∼ > 10 11 yr). In the central regions of most clusters, however, the density of the ICM rises sharply and the cooling time inferred is significantly less than the Hubble time (t cool ∼ < 10 9 yr; e.g. Edge, Stewart & Fabian 1992) . In the absence of forces other than thermal pressure and gravity, the cooling of the ICM will lead to a slow net inflow of material towards the cluster centre; a process known as a cooling flow. (See Fabian 1994 for a review of the theory and observations of cooling flows.)
Within the idealized model of a homogeneous cooling flow (in which all of the gas at any particular radius has the same temperature and density), all of the cooling gas flows to the centre of the system where it is 'deposited', having radiated away its thermal energy. However, observations of clusters of galaxies show that cooling flows are not homogeneous. The X-ray surface brightness profiles of clusters, Notes: Summary of the PSPC observations. From left to right we list the names, redshifts, observation dates, effective exposure times (after corrections for satellite dead time) and the coordinates of the peaks of the X-ray emission (in the 0.4 − 2.0 keV band) from the clusters.
although sharply peaked, are not as peaked as they would be for homogeneous flows. Rather than all of the cool gas flowing to the centres of the clusters, the data show that cooled material is deposited throughout the central few tens to hundreds of kpc. Typically the deposition occurs witḣ M (r) ∝ r, whereṀ (r) is the integrated mass deposition rate within radius r. Spatially-resolved X-ray spectroscopy of clusters also demonstrates the presence of a range of temperature and density phases in the central regions of cooling flow clusters (e.g. Fukazawa et al. 1994; Allen, Fabian & Kneib 1996; Allen et al. 1996b; Fabian et al. 1996) . The X-ray spectra and imaging data firmly require that cooling flows are inhomogeneous.
For some years, the primary uncertainty with the standard inhomogeneous model of cooling flows (Fabian 1994) was the fate of the cooled matter (see e.g. Fabian, Nulsen & Canizares 1991) . No identification of the large masses of cooled gas, which should presumably be accumulated by the flows over their lifetimes, was made. However, a study of 21 clusters observed with the Solid State Spectrometer (SSS) on the Einstein Observatory by White et al. (1991) showed that large masses of X-ray absorbing material are common in cooling flows. These authors also showed that significant absorption is not present in non cooling-flow clusters. Spatially-resolved X-ray spectroscopy of the massive cooling flow cluster Abell 478 with ROSAT (Allen et al. 1993) showed that the spatial distribution of the intrinsic absorbing material in this cluster is well-matched to that of the cooling flow. Allen et al. (1993) also demonstrated that the mass of absorbing material is in good agreement with the mass likely to have been accumulated by the cooling flow over its lifetime. The data thus suggest the X-ray absorbing material as a plausible sink for much of the cooled gas deposited by cooling flows. Recent spectral studies of cooling flows with ASCA Fabian et al. 1996) have further confirmed the presence of cooling gas and intrinsic absorbing material in cooling flows. However, to date, the constraints on the spatial distributions of these components remain poor.
In this paper, we present detailed results on the distributions of cool gas and intrinsic X-ray absorbing material in a sample of 17 cooling flow clusters observed with the Position Sensitive Proportional Counter (PSPC) on ROSAT. Our target clusters were selected on the basis of the following criteria; that they be X-ray bright (FX,2−10 > 1.7×10
−11 erg cm −2 s −1 ; Edge et al. 1990) , relatively nearby (z < 0.1; allowing them to be resolved on scales of tens of kpc with the PSPC), and contain large cooling flows (Ṁ > 100 M⊙ yr −1 ). We also include two lower-luminosity (smallerṀ ) systems, the Centaurus cluster and the Virgo cluster, since they are previously well-studied and since good X-ray data exist for them. Finally, we included one noncooling flow cluster, the Coma cluster, in our sample as a control.
The large intrinsic column densities (∆NH ∼ 10 21 atom cm −2 ) in cooling flows inferred from the Einstein SSS (White et al. 1991) and ASCA data must have a significant effect on the flux detected with the PSPC at energies below about 0.8 keV. Indeed, few X-rays can escape the absorbed region at energies below the carbon edge in the detector window at 0.28 keV. However, this does not mean that no X-rays escape the cluster in the carbon band, since there is always a large contribution from the outer, less intrinsically absorbed, parts of the cluster along any line of sight. Given the spectral resolution of the PSPC [∆E/E = 0.43(E/0.93keV) −0.5 ] and the energy-dependent effects of absorption, one might expect that the lowest energy range observable with the PSPC (0.1-0.4 keV) would be optimum for absorption studies. Unfortunately, however, the spatial resolution of the PSPC is substantially worse in this band than at higher energies. A significant fraction of the counts from a point source are scattered to radii > 1 arcmin in the 0.1-0.2 keV band, and in the 0.2-0.4 keV band the Point-Spread-Function (PSF) is still almost a factor of ∼ 2 larger than at higher (0.4-2.0 keV) energies (Hasinger et al. 1992) . In order to make meaningful spectra, the spatial regions selected must be at least as large as the largest relevant PSF. Since bright cooling flows typically have radii of only one or two arcmin, it is then difficult to make spatiallyresolved studies of cooling flows with the PSPC using data from the softest band. Certainly, any study of the distribution of absorbing matter from such an exercise is very limited.
The problems with the PSF are compounded by the large number of parameters required to model the spectrum of an absorbed cooling flow, and the small number of emission-independent spectral bands of the PSPC. Even a simple model for an absorbed cooling flow involves 5 free parameters; the normalization, abundance and temperature of the ambient cluster gas, the cooling rate in the cluster and the column density of intrinsic absorption. (This assumes that cluster redshift and Galactic column density are known beforehand.) Although the counts in each of the 256 PSPC spectral channels are statistically independent, the limited spectral resolution of the detector means that there are only about 5 independent spectral bands from a modelling point of view. Consequently, most spectral analyses with ROSAT data employ simple models of gas at a single temperature and with a uniform screen of absorption. We term these 'single-phase' models. [Temperatures and column densities determined with single-phase models should only be interpreted as some emission/detector-weighted mean over a range of temperatures or column densities at any projected radius.] Only with the much higher spectral resolution of instruments such as the Einstein Observatory SSS and the ASCA Solid-state Imaging Spectrometers (SIS) can more detailed spectral fits be attempted.
In this paper we make use of X-ray colour profiles, rather than individual spectra, to study the spatial distributions of cool gas and absorbing material in clusters. By restricting our study to the 0.4-2.0 keV band, where the FWHM of the PSF is approximately constant at 25 arcsec, we can make optimum use of the spatial resolution of the PSPC. Emission lines, principally due to Fe-L transitions characteristic of gas cooling through temperatures of ∼ 1 keV, are strongest between energies of 0.8 and 1.4 keV. Intrinsic column densities at the level of ∼ 10 21 atom cm −2 should have a marked effect on the spectrum below about 0.8 keV. The remaining 1.4-2.0 keV band is comparatively little-affected by emission lines and absorption. We have therefore divided the 0.4-2.0 keV band into bands B, covering the range 0.41-0.79 keV, C from 0.80-1.39 keV and D from 1.4-2.0 keV. The ratio of B to D should be sensitive to absorption, and the ratio of C to D to the presence of cool gas (where 'cool' implies a temperature significantly less than that of the bulk of the ICM). By creat- ing ratios of the surface brightness profiles of the clusters in these bands, we parameterize the amounts of cool gas and absorbing material in the clusters and, to the limits of the spatial resolution of the PSPC, constrain the spatial distributions of these components. We then compare these results to the predictions from standard cooling flow models.
The structure of the paper is as follows. In Section 2 we summarize the observations and data reduction. In Section 3 we present the results from a standard deprojection analysis of the data. In Section 4 we present the results on the X-ray colour profiles and relate them to expectations from simulated cluster spectra. In Section 5 we compare the observed colour profiles to the predictions from the deprojection analysis and determine the results on the distributions of cool gas and X-ray absorbing material in the clusters. In Section 6 we discuss the complexities associated with the measurement of intrinsic column densities with PSPC data. Section 7 summarizes our conclusions. Throughout this paper, H0=50 km s −1 Mpc −1 , Ω = 1 and Λ = 0 are assumed.
OBSERVATIONS
The PSPC observations were carried out between 1991 March 6 and 1994 July 5. Exposure times range from 3192s for the Centaurus cluster to 40290s for Abell 2199. Details of the individual cluster observations are summarized in Table  1 . In cases where more than one observation of a source was made, only the longest of the individual exposures has been used. This minimizes systematic errors in the central surface brightness profiles that could be introduced by mosaicing. For the Coma cluster, for which four individual observations were made at different pointing positions, we have used the data set that places the peak of the cluster emission closest to the centre of the PSPC field of view. For the Centaurus cluster, we have used only the data from the 3.2ks observation in 1994 July, which was less-affected by scattered solar X-ray emission than earlier observations. The data were reduced using the Starlink ASTERIX package. X-ray images with 15 × 15 arcsec 2 pixels were extracted in each of the energy bands listed in Table 2 . Regions affected by emission from point sources were masked out and ignored. Corrections for telescope vignetting were made and the data were background subtracted using circular regions of radius 6 arcmin, offset by ∼ 40 arcmin from the centres of the fields (except in the case of the Virgo cluster, where a 3 arcmin radius region offset by 45 arcmin was used). Accurate centroids for the X-ray emission were determined from the full 0.4-2.0 keV (Band F) images. These are also listed in Table 1 . X-ray surface brightness profiles were then extracted, about these centroids, in each energy band.
DEPROJECTION ANALYSIS
The F band (0.4-2.0 keV) images of the clusters have been analysed using an updated version of the deprojection code of Fabian et al. (1981;  see also Thomas, Fabian & Nulsen 1987) . Under assumptions of spherical symmetry and hydrostatic equilibrium in the ICM, the deprojection technique can be used to study the properties of the intracluster gas (e.g. density, pressure, temperature, cooling rate) as a function of radius. The deprojection method requires that either the total mass profile (which defines the pressure profile) or the gas temperature profile be specified. Following ASCA observations of a number of the clusters included in the sample Ohashi et al. 1996) , and the results from the combined X-ray and gravitational lensing study of the cooling-flow cluster PKS0745-191 by Allen et al. (1996a) , we assume that the mass-weighted temperature profiles in the clusters remain approximately constant, at the temperatures listed in Table 3 . Note that the assumption of a constant mass-weighted temperature profile is consistent with ROSAT results which often show a drop in the emission-weighted temperatures in the central regions of nearby cooling-flow clusters. Such measurements will naturally result from the presence of high emissivity cooling gas, distributed throughout the (inhomogeneous) cooling flow withṀ ∼ ∝ r, even when the mass-weighted temperature pro- Notes: A comparison of the theoretical C/D and B/D ratios for isothermal gas and a constant pressure cooling flow. For the cooling flow data, the kT value is the ambient cluster temperature from which the gas cools. A Galactic column density of 10 20 atom cm −2 and a metallicity of 0.5Z ⊙ are assumed.
file of the inflowing material remains constant (e.g. Allen et al. 1996a,b) . The primary results on the cooling flows in the clusters; the cooling times in the central 30 arcsec bin, the cooling radii (the radii at which the cooling time first exceeds the Hubble time) and the integrated mass deposition rates within the cooling radii, are listed in Table 3 . In all cases the mass deposition from the cooling flows is distributed throughout the cooling radii of the clusters, withṀ ∼ ∝ r.
THE X-RAY COLOUR PROFILES
As discussed in Section 1, our method of analysis makes use of X-ray colour profiles, rather than the more standard approach of taking annular or regional spectra, to study the distributions of cool gas and intrinsic absorbing material in the clusters. Such a technique allows us to make the best use of the spatial resolution offered by the ROSAT PSPC. We have constructed radial surface brightness profiles for the clusters in each the energy bands, B, C and D ( Table  2 ). The surface brightness profiles were binned to a spatial scale of 30 arcsec pixel −1 (slightly larger than the FWHM resolution of the PSPC) which provides a good signal-tonoise ratio in the pixels over the regions of interest. Figs. 2 and 3 summarize the results on the X-ray colour profiles. Figs. 4 and 5 illustrate how the X-ray colour profiles may be used to probe the physical properties of the clusters. These figures show the behaviour of the C/D and B/D ratios in simulated cluster spectra as a function of temperature, column density and metallicity. Results are shown both for isothermal gas and for gas cooling at constant pressure, from the ambient cluster temperature to a temperature below the ROSAT band i.e. a constant pressure cooling flow. The sim- Notes: A summary of the results from the deprojection analyses of the F band images. Temperature (kT ) data are from Edge et al (1990) except for Abell 426 (Allen et al. 1992) and Abell 478 (Allen et al. 1993) . N H values are Galactic column densities from Stark et al. ulated spectra were constructed using the plasma code of Kaastra & Mewe (1993) and the photoelectric absorption models of Morrison & McCammon (1983) . We adopt the definition of solar abundance from Anders & Grevesse (1989) . In all cases the absorbing column density is modelled as a uniform screen, with solar metallicity, at zero redshift. A cluster redshift of z = 0.01 is assumed (although the results do not vary significantly for any redshift ≤ 0.1). The theoretical curves for an isothermal plasma are shown in Figs. 
4(a)-(d). At high temperatures (kT ∼
> 3 keV) both the C/D and B/D ratios are weak functions of temperature. At lower temperatures, however, the C/D ratio (in particular) increases sharply as the temperature drops, due primarily to Fe-L emission lines in the C band produced by gas at ∼ 1 keV. Both the B/D and C/D ratios decrease with increasing column density, although the variation of the B/D ratio is steeper (particularly at low column densities). Both ratios also exhibit some variation with metallicity. In general, as the metallicity rises the C/D ratio increases (slightly) and the B/D ratio drops, although for kT ∼ > 3 keV the functions are very weak.
The behaviour for cooling gas, shown in Figs. 5(a)-(d), is qualitatively much like that for isothermal emission, except that the C/D and B/D ratios generally give higher values for the same temperature, column density and metallicity. This is illustrated by the data presented in Table 4 where we list the C/D and B/D values for isothermal and cooling plasmas as a function of temperature, for a fixed column density of 10 20 atom cm −2 and a metallicity of 0.5Z⊙. The variation of B/D with metallicity, Fig. 5(d) , is flatter for cooling gas than for an isothermal plasma, and exhibits a downwards trend at low metallicities not seen in the isothermal data.
In what follows, we use the C/D profiles to demonstrate the presence of distributed cooling gas in the central regions of the cooling flow clusters, and the B/D ratio to demonstrate the presence of intrinsic X-ray absorbing gas.
RESULTS FROM THE COLOUR PROFILES

C/D and cooling radii
The C/D colour profiles shown in Fig. 2 exhibit a number of striking features. Firstly, we see that at large radii (r > r cool ) the profiles are essentially flat. The observed values are generally in good agreement with the theoretical predictions for isothermal gas at the temperatures listed in Table 3 , absorbed by the appropriate Galactic column density (although significant deviations are observed for Abell 478, the Coma cluster, and Abell 2199, the origins of which are discussed in Section 5.3.) The observed and predicted C/D and B/D ratios at large radii are summarized in Table  5 . Within radii r ∼ < r cool , however, the cooling-flow clusters exhibit clear increases in their C/D ratios. From comparison with the theoretical curves in Figs. 4 and 5, we see that these increases can only plausibly be explained by the presence of cooler gas. The X-ray colour profiles thus provide firm evidence for distributed cool(ing) gas in the central regions of the cooling flow clusters and show that this gas is confined within the cooling radii inferred from the deprojection analyses. For the one non-cooling flow cluster in the sample, the Coma cluster, no significant enhancement in the C/D ratio (outside the central 30 arcsec i.e. 20 kpc) is observed.
The spatial distribution of cooling gas
The C/D profiles shown in Fig. 2 clearly demonstrate the presence of distributed cool gas in the centres of the cooling flow clusters. The regions over which the cool gas is The deprojection analysis employed in Section 3 divides the X-ray emission from the cluster into a series of concentric spherical shells. The luminosity in shell j may be written as the sum of four components.
where ∆Ṁj is the mass deposited in shell j, Hj is the enthalpy of the gas in shell j, and ∆Φj is the gravitational energy released in crossing the shell.
∆Ṁi is the mass flow rate through shell j, and ∆Hj the change of enthalpy of the gas as it moves through the shell.
Thus the first term in equation 1 accounts for the enthalpy of the gas deposited in shell j. The second term is the gravitational work done on the gas deposited in shell j. The third and fourth terms account for the gravitational work done on gas flowing through shell j to interior radii, and the enthalpy released by that gas as it passes through the shell. Since we have constrained the mass-weighted temperatures in the cooling flows to remain approximately constant with radius (at the values listed in Table 3 ) the luminosity in the fourth term is negligible.
The luminosity contributed by the second and third terms will have a spectrum that can be approximated by an isothermal plasma at the appropriate temperature for the cluster (cf . Fig. 4) . The emission accounted for in the first term, however, should have the spectrum appropriate for gas cooling from the ambient cluster temperature (cf. Fig. 5 ). By assigning the appropriate C/D values from the theoretical curves, corrected for redshift effects, to each of the terms in equation 1, the deprojection code can be used to predict intrinsic and projected C/D colour profiles for the clusters. These predictions can then be compared to the observed values.
In Fig. 6 we show the comparison of the observed and predicted C/D profiles for the cooling flows in the sample. Due to the finite ages of the clusters, we limit the comparison to those radii where the cooling time of the cluster gas is ≤ 5 × 10 9 yr. In the outer regions of the clusters the emis- 3) assuming Galactic absorption. These predicted values are only plotted for radii where the cooling time of the gas is less than 5 × 10 9 yr. Note the clear deficit in the observed B/D values relative to the predictions from the deprojection code in the central regions, which indicates the need for excess absorption. In the outer regions the circled points mark the best-fitting constant B/D value (as listed in Table 5 ).
sion is assumed to be isothermal, at the temperature given in Table 3 , and absorbed by the appropriate Galactic column density. The predicted curves are then re-normalized to match the observed C/D values in the outer regions of the clusters. (Note that the normalization factors, which are given by the ratios of the observed to predicted C/D ratios in the outer regions of the clusters, are typically close to unity.) We do not attempt any comparison for either the Centaurus or Virgo clusters since both systems are relatively cool and are known to contain strong metallicity gradients (Allen & Fabian 1994; Fukazawa et al. 1994) . The low redshifts of these systems also means that some drop in their mass-weighted temperatures, as the gravitational potentials of the clusters merge with those of the central galaxies, are likely in the innermost 1-2 bins. Indeed, such a temperature drop is required to explain the large C/D ratio observed in the central bin of the Centaurus data. We therefore defer detailed study of the data for the Virgo and Centaurus clusters to future work. (The relatively poor quality of the data for Abell 3112 and Abell 4059 also prohibit any detailed comparison with the deprojection code.) We note that hotter clusters do not generally exhibit metallicity gradients (e.g. Ohashi et al. 1996) and the effects of metallicity gradients on the X-ray colour profiles of such systems will, in any case, be small (cf. Figs. 4, 5) .
The agreement between the observed and predicted C/D ratios is remarkably good. For the best data sets (Abell 426, Abell 1795 and Abell 2199; see also Fig. 13 ) the agreement is especially good. In all other cases the predicted C/D values either agree with, or slightly under-predict, the observed values. Under-prediction in the central bin may again indicate a small drop in the ambient cluster temperature.
The B/D ratios and intrinsic absorption
As with the C/D results, the B/D colour profiles shown in Fig. 3 are essentially flat at large radii (r > r cool ). The observed and predicted values at large radii are generally in Notes: The observed and predicted C/D and B/D ratios in the outer regions of the clusters. Column 2 lists the range of radii (in arcmin) that define the 'outer regions'. Columns 3 and 5 summarize the observed C/D and B/D values and 1σ errors. Columns 4 and 6 list the predicted ratios for an isothermal plasma, at the temperature and redshift of the cluster. Galactic column densities (Table 3 ) and a metallicity of 0.5Z ⊙ are assumed. The general agreement between the observed and predicted C/D and B/D ratios demonstrates the validity of the isothermal assumption in these regions, and the absence of excess absorbing material at these radii (see discussion in Section 5.3). 10.6 ± 2.6
The intrinsic column densities and 1σ errors (in units of 10 good agreement (although with a few exceptions detailed below) indicating that the emission from these regions can be well-described by a simple isothermal model, with the temperatures and Galactic column densities listed in Table  3 . At small radii, many of the B/D profiles increase. However, the gradients are not as steep as for the C/D results, and for a number of the clusters the B/D profiles are essentially flat or even decrease slightly in the innermost bins (e.g. Abell 478).
The most notable exception to the agreement between the observed and predicted colour ratios at large radii is Abell 478, for which the B/D (and C/D) ratio implies a Galactic column density of ∼ 3 × 10 21 atom cm −2 , an excess of ∼ 10 21 atom cm −2 over the value listed in Table 3 . In contrast, the data for Abell 426 require a column density of ∼ 1.1 × 10 21 atom cm −2 , slightly less than the Galactic value. For the Coma cluster, the B/D and C/D ratios imply an emission-weighted temperature at large radii of ∼ 6 keV, somewhat less than the 8 keV listed in Table 3 . For Abell 2199 the data suggest an emission weighted temperature of ∼ 3.5 keV and a column density of ∼ 5 × 10 19 atom cm −2 . Similarly, the data for the Virgo cluster imply a temperature of ∼ 2 keV and a column density of ∼ 1.3×10 20 atom cm −2 , both slightly less than the nominal values.
Following our success in applying the deprojection code to the prediction of the C/D profiles (Section 5.2), we have used the same technique to predict the B/D profiles. The predicted data are shown as the circled points in Fig. 3 . The results demonstrate a clear tendency for the predicted values to overestimate the observations in the central regions.
The theoretical curves presented in Figs. 4 and 5 show that the most plausible interpretation for the central deficits in the B/D observations, with respect to the predicted data, is the presence of intrinsic absorbing material in the clusters. The excess column densities required to bring the observed and predicted B/D values for the central bins into agreement are summarized in Table 6 . These values have been calculated using XSPEC models for the projected spectrum of the central 30 arcsec (radius) in each cluster, as implied by the deprojection analysis. The excess absorption has then been modelled as a uniform screen in front of the cluster. Note that since the observed C/D ratios for the central bins sometimes (slightly) exceed the predicted values, the column densities listed in Table 6 may (slightly) underestimate the true values.
Where comparisons between the observed and predicted B/D ratios are possible for more than just the central bin, the data suggest that the column density increases with decreasing radius within the cooling flow. This is consistent with a picture wherein the intrinsic absorber is accumulated from material deposited by the cooling flow. The only exception is Abell 426 (the Perseus Cluster) for which the ap- parent excess column density at radii of 1-2 arcmin is 5 − 10 times larger than for the central bin. It is likely that the results for the central regions of Abell 426 are affected by the complex morphology of the cluster (Böhringer et al. 1993) and emission from the active nucleus of the central galaxy. Note also that although the presence of temperature and metallicity gradients complicate the interpretation of the B/D data for the Virgo and Centaurus clusters, the comparison of their B/D ratios, which are only observed to rise within the central arcminute or so, with their C/D ratios, which in contrast rise steadily within radii of 7 and 3 arcmin respectively, again indicates the presence of distributed absorbing material.
Our results confirm that excess absorption is common in cooling flows. All of the cooling flow clusters in our sample, for which an X-ray colour profile/deprojection comparison is possible, show evidence for intrinsic absorption. Note also that the cooling flow with the lowest intrinsic column density, Abell 2029, is also the only cluster with a Central Cluster Galaxy (CCG) that does not exhibit optical emission lines (e.g. Hu, Cowie & Wang 1985; Johnstone, Fabian & Nulsen 1987) . This suggests a link between the presence of X-ray absorbing gas in cooling flows and the production of optical emission lines in CCGs. Such a result is compatible with models in which the emission lines are powered by massive stars that collapse out of the cooled gas accumulated by the cooling flows (Allen 1995) . Processes such as turbulent mixing layers and shocks in the X-ray absorbing medium may also contribute significantly to the observed emission-line flux (Crawford & Fabian 1992 ). Finally, we note that although the analysis of the B/D profiles apparently suggests intrinsic column densities of only a few 10 20 atom cm −2 through the centres of cooling flows, when modelling the absorber as a uniform screen in front of the clusters, the true intrinsic column densities are likely to be 2 − 5 times higher, once systematic effects associated due to the spatial distribution of the absorbing gas are accounted for (see Section 6).
The absorption signature in the 'A' band
The B/D ratio provides the most reliable probe of the intrinsic column density in the clusters. As noted in Section 1, at energies below 0.40 keV (the lower limit of the B band) the point spread function of the PSPC broadens significantly. In the A1 (0.1 − 0.2 keV) band a significant fraction of the flux is scattered (somewhat asymmetrically) to radii > 1 arcmin. In the A2 band, the PSF is better behaved, but the FWHM is still ∼ 1.7 times broader than in bands B-D. [Note that the B/D ratio also has the advantage of being applicable We have carried out a search for the signature of intrinsic absorption in the A2 data, by forming profiles in the ratio A2/D ′ , where D ′ is the D band profile convolved with a Gaussian filter of 30 arcsec FWHM. For the two best data sets for which this test is applicable, Abell 1795 and Abell 2199, we determine excess column densities in the central bin of ∼ 1 − 2 × 10 19 atom cm −2 . These column densities are significantly less than those inferred from the B/D analysis. However such results are to be expected if the absorber is spatially distributed throughout the cooling flows, as discussed in Section 6, below. Note also that the presence of an absorption signature in the A2 data implies that absorbers other than Oxygen (which has its K edge at 0.53 keV in low temperature gas) must be present in the clusters.
The ages of the cooling flows
Throughout this Section we have limited our comparison of the observed and predicted X-ray colour profiles to radii For Abell 1795, the predictions are shown for cooling cut-off times of 6.7, 11.4 and 16.0 × 10 9 yr, corresponding to ages of 3.6 − 6.7 × 10 9 , 6.7 − 11.4 × 10 9 , and 11.4 − 16.0 × 10 9 yr, respectively. For Abell 2199 the cooling cut-off points are 5.3, 7.7, 10.3, 12.9 and 15.6 × 10 9 yr, implying ages of 3.7 − 5.3, 5.3 − 7.7, 7.7 − 10.3, 10.3 − 12.9 and 12.9 − 15.6 × 10 9 yr. (Lower panels) The mean cooling time as a function of radius in the clusters.
where the mean cooling time of the cluster gas is ≤ 5 × 10 9 yr. However, for the best data sets, the data from larger radii allow constraints to be placed on the age of the cooling flows (where the age is presumably related to the time since the central regions of the clusters were last disrupted by a major subcluster merger event). For these data sets, the deprojection code has been used to predict C/D profiles throughout the clusters, as a function of cooling-flow age. At radii where the mean cooling time of the gas is equal to or exceeds a specified value, the cluster is assumed to be isothermal with no mass deposition occurring. At interior radii, where the mean cooling time is less than this value, the predictions are calculated in the manner described in Section 5.2. Fig. 7 shows the observed C/D profiles and the predicted results, as a function of cooling flow age, for the two best data sets in the sample, Abell 1795 and Abell 2199. Also plotted are the mean cooling times as a function of radius in the clusters. For Abell 1795, the data are best described by an age of between 3.6 and 6.7 × 10 9 yr (6.7 × 10 9 yr being the mean cooling time at the radius where the C/D ratio rises, and 3.6 × 10 9 yr the mean cooling time for the next interior bin.) For Abell 2199, the data suggest an age of 5.3 − 7.7 × 10 9 yr. The results also imply mass deposition rates in the clusters somewhat less than the nominal values quoted in Table 3 (which are calculated for an assumed age of 1.3×10 10 yr.) For Abell 1795 we determine a revised mass deposition rate of ∼ 250 M⊙ yr −1 . For Abell 2199 the revised mass deposition rate is ∼ 80 M⊙ yr −1 . These results are approximately a factor 2 less than the values of ∼ 450 and 160 M⊙ yr −1 determined under the standard deprojection assumptions, but are in good agreement with the rates inferred from the analysis of Einstein SSS spectra for these clusters by White et al. (1991) .
In general, the data for the other clusters do not place firm constraints on the age of the cooling flows. However, for Abell 496 the data suggest an age of between 3.3 and 6.8 × 10 9 yr, and a mass deposition rate,Ṁ ∼ 50 M⊙ yr −1 (again in good agreement with the SSS spectral results). For Sersic 159, the age and mass deposition rate are 6.4 − 10.5 × 10 9 yr andṀ ∼ 220 M⊙ yr −1 , respectively. For Abell 2597, the values are 2.5 − 5.1 × 10 9 yr andṀ ∼ 200 M⊙ yr −1 . In contrast the data for both Hydra A and Abell 2029 are consistent with the cooling flows having been undisturbed for close to a Hubble time.
In detail, the relationship between the age of the cooling flow and the mean cooling time in the region where the C/D ratio changes will be more complex than discussed above, and will depend on (undetermined) factors relating to the distribution of density inhomogeneities in the cluster gas. However, the uncertainties associated with such effects should not much exceed those quoted above.
These results illustrate how standard image deprojection analyses, which assume that cooling flows have existed for a Hubble time, can overestimate the integrated mass deposition rates in clusters by up to a factor of 2. Future studies, with the improved spectral and spatial resolution of AXAF, will allow such properties to be explored in greater detail. The aging of cooling flows may provide a powerful probe of the evolutionary history of clusters.
THE INTERPRETATION OF FITTED COLUMN DENSITIES
In this Section we further examine the results on intrinsic absorption in the cooling flows. We discuss how measurements of intrinsic column densities, determined from fits with uniform foreground screen absorption models, will naturally underestimate the true intrinsic column densities when the absorbing gas is spatially distributed throughout the cooling flows. In particular, we explore two limiting distributions for the absorbing gas; partial covering (which will apply if the absorbing gas is clumped on large scales) and a homogeneous distribution of absorbing material throughout the X-ray emitting region, which we refer to as the 'multilayer' model. We compare the absorption measurements from the ROSAT X-ray colour profile analysis to previous results from the Einstein SSS (White et al. 1991) and ASCA. Finally in this Section, we comment on the mass of absorbing gas in the clusters and on the role of this material as a sink for the cooling gas.
The effects of partial covering
The use of simple uniform-screen absorption models in the analysis of cluster spectra can lead to significant underestimates of intrinsic column densities. A simple illustration of this, in the case where the absorbing material covers only a fraction, f , of the intrinsic emission, is given in Figs. 8(a) and (c). The figures show the column densities inferred from fits with simple uniform (foreground) screen absorption models to simulated cluster spectra incorporating intrinsic absorption with partial covering. For the simulations we assume a cluster temperature of 5 keV, a metallicity of 0.5 solar, and a redshift, z = 0.01. The cluster is assumed to lie behind a Galactic column density, NH = 10 20 atom cm −2 , and to be intrinsically absorbed by an excess column density, ∆NH, which covers a fraction, f , of the emitted flux. Intrinsic column densities of ∆NH = 10 21 and ∆NH = 5 × 10 21 atom cm −2 , and covering fractions of 0.1 − 1.0, were examined. [These column densities span the range of values inferred from Einstein Observatory SSS and ASCA observations of cooling flows; White et al. (1991) , , Allen et al. (1996a) , Allen et al. (1996b) , Fabian et al. (1996) .]
The simple partial covering distribution provides a crude approximation to the likely situation in an intrinsically absorbed cooling flow. In the simplest case of a geometrically thin absorbing screen of uniform column density, the observed emission can be modelled by two components, accounting for the emission from in front of and behind the absorber, respectively. If the absorber spans the entire region of interest, the components should have equal intrinsic fluxes, and be absorbed by column densities NH and NH + ∆NH. In this case, the covering fraction of the intrinsic absorber is 0.5. If the intrinsic absorber is present over only part of the region of interest, as would be the case if the extent of the absorber were less than the region being analysed, the covering fraction will be less than 0.5. (With a real cooling flow, variations in both column density and covering fraction are likely.)
The fits to the simulated spectra were carried out in both the 0.1 − 2.0 keV and 0.4 − 2.0 keV energy bands. The temperature and metallicity were fixed at 5 keV and 0.5 Z⊙, respectively. For covering fractions less than unity, the column densities determined from fits with uniform-screen (f = 1) absorption models significantly underestimate the 'true' absorption. For an intrinsic column density, ∆NH = 5×10 21 atom cm −2 , and a covering fraction, f = 0.5, a fit to the 0.4 − 2.0 keV spectrum implies a column density of 5.7 × 10 20 atom cm −2 , an excess of only 4.7×10 20 atom cm −2 over the Galactic value. Thus the column density inferred from the spectral fit to the 0.4−2.0 keV band data underestimates the true intrinsic column density by a factor of ∼ 10. Even more dramatically, when the full 0.1 − 2.0 keV energy range is used, the spectral fit implies an excess column density of only 4.5×10
19 atom cm −2 , underestimating the true intrinsic column density by a factor of ∼ 100 (cf. Section 5.4). In a χ 2 sense, however, the uniform absorption model still provides a statistically adequate description of the simulated spectra (for signal-to-noise ratios in the simulated spectra typical of PSPC cluster observations). Similar results are obtained for the simulations with ∆NH = 10 21 atom cm −2 , although the underestimation of intrinsic column densities from the spectral fits is less severe. A fit to the 0.4−2.0 keV spectrum, with f = 0.5, gives a measured column density of 3.9 × 10 20 atom cm −2 , implying an excess column density a factor of ∼ 3 less than the true value.
Such results are not sensitive to the precise emission spectrum assumed. If a cooling flow, rather than isothermal, model is used both for generating and fitting the simulated spectra, results very similar results to those plotted in Fig. 8 are obtained. Significant discrepancies only arise when different emission models are used for generating and fitting the simulated data.
In Fig. 9 we show the results from a consistency check in which compare the results from a simple, uniform-screen fit to a simulated cluster spectrum with NH = 10 20 atom cm −2 , ∆NH = 10 21 atom cm −2 and f = 0.5, with the results from a fit to the observed spectrum for the central 2 arcmin (radius) region of Abell 1795. (The signal-to-noise ratio in the simulated spectrum has been adjusted to approximately match that in the Abell 1795 data.) In both cases, the fit to the 0.1 − 2.0 keV spectrum implies an excess column density of ∼ 2 × 10 19 (whereas the B/D results for Abell 1795 imply a much larger intrinsic column density of ∼ 5 × 10 20 atom cm −2 ).
Some intuitive understanding of these results may be gained from the following argument. We can write the observed flux as
where A(E) is the emission at energy E. Then the apparent column density determined from a fit assuming a covering fraction of unity is
implying an apparent excess absorption of
The absorption cross-section may be crudely approximated by σ(E) ≈ 10 −21 (E/0.4) −8/3 cm −2 . In Figs. 8(b) and (d) we plot N ′ H as a function of f for photon energies E = 0.20 and 0.40 keV, and intrinsic column densities of 10 21 and 5 × 10 21 atom cm −2 . (Note that the lowest-energy photons included in any fits will dominate the constraints on the absorption value.) The analytic curves provide a good approximation to the observed behaviour. The apparent excess column density, ∆N ′ H , remains low so long as significant signal from low energies (below the energy where σNH ∼ 1) is included , i.e. E < 0.4N 3/8 H,21 keV, where NH = 10 21 NH,21 cm −2 . Where σ∆NH is small, ∆N ′ H → f ∆NH. Our results imply that simple fits to PSPC spectra for clusters with low Galactic column densities (NH ∼ 10 20 atom cm −2 ), which assume covering fractions for the absorber of unity, will always return low values for the excess column density even if, in reality, f ∼ 0.5 and ∆NH ∼ > 10 21 atom cm −2 . If the true intrinsic column densities in clusters are ∼ > 10 21 atom cm −2 , we should only obtain reasonable estimates for ∆NH with simple spectral fits if we either restrict the bandwidth artificially, or if the cluster has a large Galactic column density (NH ∼ 10 21 atom cm −2 ). Such a scenario occurred naturally in the PSPC studies of Abell 478 by Allen et al. (1993) and of 2A 0335+096 by Irwin & Sarazin (1995) , where significant excess column densities of ∼ 10 21 atom cm −2 were inferred.
Such arguments also imply a weak positive correlation between the apparent excess column density, ∆N ′ H , determined from fits with uniform foreground screen absorption models, and the Galactic column density, NH. When NH is high then the photon energy dominating the absorption fit (generally the lowest energy with a significant detection) is also high and σ∆NH tends to be small, so that the inferred column density ∆N ′ H ≈ f ∆NH. Provided that the covering fraction, f , is also high, the model will tend to the 'true' answer. This is consistent with the results presented in Table  6 , which exhibit a weak correlation between ∆N Table 6 , in determining the true intrinsic column densities in the clusters. For these purposes we assume a covering fraction f = 0.5 for the intrinsic absorber (which should approximate the true value in the central regions of the clusters). The results are shown in Fig. 10 . We see that for an apparent excess column density, ∆N ′ H = 2 × 10 20 atom cm −2 , the analytical expression and spectral simulations imply true intrinsic column densities of 4.5 × 10 20 and 6.1 × 10 20 atom cm −2 , respectively. Typically, the corrected intrinsic column densities for the clusters in our sample are a factor of 2 − 3 larger than apparent values determined directly from the B/D analysis.
[The corrected intrinsic column densities determined from equation 4 are listed in Column 4 of Table 6 as ∆NH (1).]
Finally, it is also important to note that the use of slightly more complex spectral models incorporating both isothermal and cooling-flow components, with the excess absorber modelled as a uniform screen in front of the cooling flow, will still lead to significant underestimates of the true levels of intrinsic absorption in clusters. Typically, only a few per cent of the X-ray emission along the line of sight to the central 30 arcsec bin will be due to material in front of the cooling flows. If the absorbing material is distributed throughout the cooling flow, as required by the observations reported here, any model which places the absorber entirely in front of the cooling flow will underestimate the true intrinsic column densities in much the same manner as in the simulations discussed above.
The multilayer absorption model
We have also explored a second plausible distribution for the X-ray absorbing material in which the absorbing gas is assumed to reside in many small clouds, each of which has an individual column density much less than the total intrinsic column density, ∆NH. The clouds are assumed to be evenly distributed throughout the X-ray emitting plasma. For an intrinsic emission spectrum A(E), the observed spectrum, A ′ (E), emerging from the emitting/absorbing region may be written as
A series of spectra incorporating absorption as described by equation 5 (which we hereafter refer to as the 'multilayer' absorption model) were simulated. Again, the intrinsic emission spectrum was taken to be a 5 keV thermal plasma, with a metallicity, Z = 0.5Z⊙, and a redshift, z = 0.01. Total intrinsic column densities of ∆NH = 10 21 and 5 × 10 21 atom cm −2 were examined. The simulated spectra were then fitted with simple uniform foreground screen absorption models. As with the partial covering model discussed in Section 6.1, the apparent excess column densities determined with the uniform absorbing screen model significantly underestimate the true intrinsic column density. For a Galactic column density, NH = 10 20 atom cm −2 , and intrinsic multilayer column densities of ∆NH = 10 21 and 5 × 10 21 atom cm −2 , the apparent excess column densities determined with the uniform absorbing screen model are ∆N ′ H = 2.65 and 10.3 × 10 20 atom cm −2 , respectively. Thus, with a multilayer distribution for the intrinsic absorbing gas, the simple uniform foreground screen model underestimates the true intrinsic column density by factors of ∼ 4 and 5 respectively. Note also that these factors are essentially independent of the Galactic column density, since multilayer absorption, with total column densities of ∆NH = 10 21 and 5 × 10 21 atom cm −2 , can be well-approximated by uniform absorbing screens with column densities of ∼ 0.26 and 1.0 × 10 21 atom cm −2 , respectively. In Column 5 of Table 6 [∆NH (2)], we list the intrinsic column densities for the sample of cooling flows in this paper, corrected (with an intermediate correction factor of 4.5) for an assumed multilayer distribution of the absorbing gas.
The comparison of results from ROSAT, SSS and ASCA
The results presented here confirm that intrinsic X-ray absorption is a common property of cooling flows. All of the clusters with previous positive detections of intrinsic absorption, from the Einstein SSS study of White et al. (1991) , also exhibit absorption signatures in their ROSAT X-ray colour profiles. The column densities inferred from the two studies are also similar, ranging from a few 10 20 to a few 10 21 atom cm −2 . However, although the results reported here (Table  6 columns 4, 5) include corrections for the effects of the likely spatial distribution of absorbing gas on the measured column densities, the White et al. (1991) results were all determined under the more simple assumption that the absorber acts as a uniform screen in front of the clusters, with a covering fraction of unity. When the same simple model for the distribution of the absorbing gas is used with the ROSAT data, (Table 6 , Column 3) we obtain results that are typically factors of 2 − 6 less than the SSS results. In this Section we examine whether this discrepancy should simply be attributed to calibration uncertainties, or if it instead provides further information about the nature of the absorbing gas.
The SSS observations were made in the 0.6 − 4.5 keV energy band, with a spectral resolution of ∼ 160 eV, a higher energy band and a higher spectral resolution than that of the PSPC. We have examined the variation in the results from fits to simulated cluster spectra, incorporating intrinsic absorption with both partial covering and multilayer distributions, when observed with the two instruments. (With the SSS simulations, the effects of ice build-up on the instrument response were accounted for.) Total multilayer and partial covering column densities of 10 21 − 10 22 atom cm −2 were examined, with a default Galactic column density of 10 20 atom cm −2 assumed. The simulated spectra were then fitted with simple uniform foreground screen models, assuming a covering fraction for the excess absorption of unity.
With a multilayer distribution for the intrinsic absorbing gas in the simulated spectra, the fits with the uniformscreen model give very similar results for the excess column densities with the PSPC and SSS instruments (in both cases the fit results underestimate the true intrinsic column densities by factors of ∼ 4 − 5; cf. Section 6.2). However, when the intrinsic absorber in the simulated spectra is distributed according to the partial covering model, clear differences between the PSPC and SSS results become apparent.
The differences between the PSPC and SSS results, from the fits to the simulated spectra, incorporating partial covering, are summarized in Fig. 11 . For a Galactic column density of ∼ 10 20 atom cm −2 , and intrinsic absorption with a column density of a few 10 21 atom cm −2 and a covering fraction f = 0.2 − 0.6, discrepancies of factors of between 2 and 6 will naturally arise between measurements made with the SSS and PSPC instruments (in the sense the SSS results exceed the PSPC results). Such an effect is sufficient to account for the bulk of the discrepancy between the White et al. (1991) SSS results and the ROSAT results reported here.
We have also carried out a further comparison, between the PSPC results and the results from simulated spectra generated with an instrument response appropriate for the Solid-state Imaging Spectrometers (SISs) on ASCA. The dotted curve in Fig. 11 shows the ratio of the excess column density determined from the ASCA SIS simulations to that with ROSAT PSPC, for a Galactic column density NH = 10 20 atom cm −2 and an intrinsic column density of 5 × 10 21 atom cm −2 . The results are very similar to those obtained from the comparison of the SSS and PSPC data, for the same absorption parameters.
Since the partial covering model can account for many of the observed properties of the intrinsic absorber, we have made one further check on the validity of this model by applying it to observed ROSAT PSPC, Einstein SSS and ASCA SIS spectra for Abell 2199 (which has the best combined data set of any of the clusters in the present sample). Spectra from the central 2 arcmin (radius) region of Abell 2199 were extracted from the PSPC and ASCA SIS data sets (2 arcmin radius being the smallest region that can be consistently analysed with the two instruments, given the relevant PSFs). The SSS offers no spatial resolution but did have a 3 arcmin (radius) circular aperture, reasonably wellmatched to the regions studied with the other instruments. With the ASCA analysis, the data from both SIS detectors were used. With the SSS analysis, the data from all three observations of the source (White et al. 1991) were included.
The spectra were fitted with a model incorporating emission from an isothermal plasma and a cooling flow of 80 M⊙ yr −1 (cf. Section 5.5), at a redshift of z = 0.0309, absorbed by a (fixed) Galactic column density of 8.7 × 10 19 atom cm −2 (except for the PSPC data where the Galactic column density was fixed at 5 × 10 19 atom cm −2 ; see Section 5.3) . A second absorption component of variable column density and covering fraction was also assumed to act on the emission. The cooling flow was forced to cool from the ambient cluster temperature, which was a free parameter in the fits (with the exception of the ROSAT analysis where, due to the limitations of the data, the upper temperature of the flow was fixed at 3.5 keV, in agreement with the results of Section 5). The metallicity of the X-ray emitting gas and the emission measure of the isothermal component were also free parameters in the fits. With the ROSAT data, the spectral analysis was limited to the 0.4 − 2.0 keV energy range. For the ASCA SIS and Einstein SSS data, spectral ranges of 0.6 − 10.0 keV and 0.6 − 4.0 keV were used, respectively. All appropriate ice corrections were applied to the SSS data.
The joint confidence contours on the column density and covering fraction of the excess absorber in Abell 2199 are shown in Fig. 12 . The contours indicate the regions of 68, 90 and 99 per cent confidence on two interesting parameters. The SIS and SSS data, in particular, exhibit good agreement. For the SIS data, the best-fit excess column density is 2.5 The simple partial covering model thus provides a reasonable description of the excess absorption in Abell 2199 and leads to reasonable agreement in the parameter values inferred from the different data sets. However, although the errors on the individual parameter values overlap, the ∆χ 2 contours shown in Fig. 12 indicate an inconsistency between the PSPC data and the other two data sets. This implies either a deficiency in the spectral model or a calibration problem with the instruments. The simple partial-covering model used undoubtedly underestimates the complexity of the absorption in a real cluster, where the column density acting on the emission from different regions is likely to span a range of values. The abundances of separate elements in the absorber could also deviate from the assumed solar values, perhaps as a function of radius. Further complexities would be introduced if the absorbing material were dusty, which recent evidence suggests is likely to be the case (Fabian, Johnstone & Daines, Allen et al. 1995 , Voit & Donahue 1995 , Allen et al. 1996 . If, however, the origin of the discrepancy is a calibration problem, the agreement between the SIS and SSS results would suggest that the problem is likely to lie with the PSPC data.
The mass of absorbing gas
The results on the intrinsic column densities, summarized in Table 6 , allow a simple estimation of the mass of absorbing gas in the central 30 arcsec (radius) regions of the clusters to be made. Adopting the partial covering model for the distribution of the absorbing gas, with f = 0.5, and assuming solar metallicity in this material, the mass of gas can be written as M abs = 1.62 × 10 6 r 2 ∆NH,20 M⊙, where r is the radius of the 30 arcsec region in kpc and ∆NH,20 is the intrinsic column density in units of 10 20 atom cm −2 . We can also estimate the time, tacc, required for the cooling flows to accumulate these masses of gas, given the observed mass deposition rates in these regions (tacc = M abs /Ṁ ). [Note that the mass of absorbing gas is actually a projected mass through the central 30 arcsec region, whereas the mass deposition rates apply to the central 30 arcsec volume. Thus, where significant mass deposition occurs outside the central 30 arcsec region, the accumulation timescales, tacc, quoted will slightly overestimate the true values. AssumingṀ ∝ r, the projected mass deposition rate through the central 30 arcsec region will be ∼ 30 per cent higher than the rate within that volume, and the accumulation timescale will be ∼ 25 per cent shorter than the quoted result.] The masses of absorbing gas, mass deposition rates, accumulation times, and the masses of hot X-ray emitting gas within the central 30 arcsec (radius) volumes, are summarized in Table 7 .
From Table 7 we see that the accumulation timescales are typically only a few 10 8 years, much less than the ages of the cooling flows (cf. Section 5.5.) This implies that most of the mass deposited by the cooling flows in the central regions of the clusters must reside in some form other than X-ray absorbing gas (perhaps low mass stars or brown dwarfs; Fabian 1994). Note, however, that if the metallicity of the absorbing material is substantially sub-solar, the true masses of absorbing gas are likely to be ∼ 2 − 3 times larger than the values listed in Table 7 . Note also that the mass of absorbing material (assuming solar metallicity) is typically ∼ < 10 per cent of the mass of the X-ray emitting gas in the same regions (although for Abell 478 and MKW3s the values are somewhat higher.)
CONCLUSIONS
In this paper we have described and discussed the results from a detailed X-ray colour profile analysis of a sample of nearby, luminous cooling flow clusters observed with the ROSAT PSPC. Our analysis of the C/D (0.80 − 1.39 keV/1.40 − 2.00 keV) ratios clearly demonstrates the presence of distributed cool gas in the central regions (r ∼ < r cool ) of the cooling flow clusters. The spatial distributions and emissivity of the cooling gas are in excellent agreement with the predictions from standard image deprojection analyses. In the outer regions of the clusters the data suggest approximate isothermality. Our results place new constraints on the ages of the cooling flows and provide the most accurate determinations of the mass deposition rates in these systems of any imaging study to date.
The analysis of the B/D (0.41 − 0.79 keV/1.40 − 2.00 keV) ratios provides firm evidence for spatially distributed (Table 5) . The x axes are in units of the cooling radii, r cool (see Table 3 ). The C/D profiles clearly demonstrate the presence of distributed cool gas within the cooling radii, and the B/D data the need for excess absorption in the central regions. Other details as in Figs. 3 and 5. The masses of absorbing gas, M abs (calculated assuming solar metallicity in the absorbing material), mass deposition rates,Ṁ , accumulation timescales, tacc, and masses of hot, X-ray emitting gas, M hot , in the central 30 arcsec regions of the clusters. The M abs results are derived from the [∆N H (1)] column density measurements made with the partial covering model (Table 6 , Column 4). A covering fraction f = 0.5 has been assumed for all clusters except MKW3s, for which f = 0.75 was used. TheṀ and M hot values apply to the central 30 arcsec (radius) volume.
intrinsic absorbing material in the cooling flows. The absorbing gas generally exhibits an increasing column density with decreasing radius, and is confined to radii ∼ < r cool . Our results are consistent with the large intrinsic column densities (∆NH ∼ 10 21 atom cm −2 ) inferred from previous studies with the Einstein Observatory SSS and ASCA (White et al. 1991; but require that the absorber only partially covers the emitting region. This suggests significant clumping of the absorber on large scales.
We have discussed the complexities involved in the measurement of intrinsic column densities in clusters and have shown that the use of simple spectral models, which treat the absorber as a uniform foreground screen (in front of the cooling flow or cluster) will naturally lead to significant underestimates (by factors of ∼ 2 − 5) of the true amounts of absorbing material.
Assuming solar metallicity in the absorbing material, the masses of absorbing gas in the central 30 arcsec regions of the clusters typically correspond to ∼ < 10 per cent of the mass of the hot, X-ray emitting gas. The timescales required for the cooling flows to accumulate such masses are significantly shorter than (∼ 10 per cent of) the likely ages of the cooling flows, and imply that the bulk of the matter deposited by the cooling flows (in the central 30 arcsec radius regions) resides in some form other than X-ray absorbing gas, presumably stars or sub-stellar objects.
The new results presented in this paper provide strong support for the standard inhomogeneous model of cooling flows in clusters of galaxies. Future studies of the range of temperature/density phases in cooling flows (as a function of radius), more precise determinations of the 'ages' of cooling flows, and more detailed mapping of the intrinsic column densities in clusters, will become possible following the launch of AXAF.
